Introduction
The biological availability of a nutrient is best measured by the degree to which it is incorporated into body tissue (nutrient retention) or a specific compound with a vital function. Hemoglobin in the erythrocyte serves a vital function and also contains most of the Fe (60 to 80%) present in the body of the young pig. Furthermore, blood is easily biopsied and hemoglobin concentration is determined simply. Fritz et al. (1970) , Pla and Fritz (1972) and Amine et al. (1972) have determined the relative biological value of a number of Fe compounds using Fedepleted chicks and rats. Bioavailability of Fe from a number of sources for young pigs has been determined by Pickett et al. (1961) , Harmon et al. (1967 Harmon et al. ( , 1969 Harmon et al. ( , 1974 , Ullrey et al. (1973) , Ammerman et al. (1974) , Anderson et al. (1974) , Furugouri and Kawabata (1975) and Miller (1978) . Ferric choline citrate is used in the feed industry, primarily in combination with other trace dements, as a source of diet Fe for swine. We are not aware of any studies that have determined the bioavailability of Fe from this source for swine.
The purpose of this study was to determine the biological value of Fe from ferric choline citrate and from a ferric copper cobalt choline citrate complex in the diet of the young pig, by both hemoglobin regeneration and Fe retention methods.
Materials and Methods
Exp. 1. Fourteen 3-week-old pigs were taken from two nursing litters that had not received supplemental Fe and were anemic. All pigs were reared in an environmentally controlled room (27 C) in individual stainless steel cages measuring 90 x 45 x 60 centimeters. The bottom of the cages was constructed of heavy stainless steel mesh with 1 x 1 cm openings. Pigs were allowed 1 week to adjust to the individual cages and to a low Fe, finely ground corn-soybean meal basal diet (table 1) . The animals were then trained to consume a mixture of 100 g of diet and 100 g water twice daily in a stainless steel feeding cup. Within a week, the pigs consumed all the feed rapidly (within 5 rain) and were ready for an Fe balance trial.
Pigs were about 5 weeks old at the start of the trial. They were weighed, blood samples were taken for hemoglobin (Hb) determination (Crosby et al., 1954) and two pigs were placed on each of the dietary treatments shown in table 2. The pigs continued to receive 200 g of their respective diets daily for a 7-day adjustment period and a 3-day collection period. During the collection period, the animals were removed from the collection cages twice daily and fed in the rearing cages and, after rapidly consuming their diet, quickly returned to the collection cages 3 (collection cages were stainless steel-lined Wahmann LC-108 metabolism cages 3, measuring 80 783 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 4, 1981 CSupplied 110 mg chlortetracyeline, 1 I0 mg sulfamethazine and 55 mg penicillin/kg diet.
Exp. 2. Twelve weanling pigs averaging
8 kg body weight were adjusted to the basal diet (table 1) and rearing environment as in Exp. 1. The conduct of Fe balance was similar to that in Exp. 1, except that pigs consumed 300 g of the basal diet (50 ppm Fe) daily in two equal feedings or the basal diet plus 50 or 100 ppm Fe from either FeSO4"7H20 or a ferric copper cobalt choline citrate complex (F4C) 4. Two Fe balance trials were conducted. In the first, four pigs were each fed one of the treatments (basal, basal + 50 ppm Fe and basal + 100 ppm Fe) with supplemental Fe from FeSO4"7H20. In the second, four pigs were each fed one of the treatments (basal, basal + 50 ppm Fe and basal + 100 ppm) with supplemental Fe from F4C.
As in trial 1, there was a 1-week adjustment period followed by a 3-day collection period.
Mean values for calculated Hb synthesis in Exp. 1 and for Fe excretion and retention in Exp. 1 and 2 were tested for significance of Fe source by analysis of variance with nonorthogonal contrasts (Snedecor and Cochran, 1976) , and for linear and quadratic effects of supplemental Fe within Fe source by polynomial regression (Draper and Smith, 1966 ).
• 60 x 60 centimeters. Each cage had a stainless steel mesh floor with 1 • 1 cm slots, and there was a fine aluminum screen beneath the slotted floor and above the stainless steel collection tray). Feces were very firm and there was minimal contamination of urine from feces or feed. Urine passed through the fine aluminum screen to the collection tray and was directed into plastic containers with enough 6N HC1 to keep the pH below 7. At the end of the 3-day collection period, feces were dried at 60 C, weighed, ground in a Wiley mill with stainless steel knives and screen and stored in airtight containers until analyzed. Urine was weighed, and a lO0-ml sample was taken and stored in an airtight container until analyzed. Fe in feed, feces and urine was analyzed by atomic absorption spectrophotometry after perchloric acid digestion as in the AOAC (1980) wet ashing method. Pigs were weighed at the end of the collection period and blood samples were taken for final Hb determination.
4 Naremco, Inc., Springfield, MO. 
Results and Discussion
In formulating the low Fe basal diet (table  1) , it was important to use reagent grade dicalcium phosphate or some other low Fe P source, since defluorinated phosphate and some other feed grade P sources contain .6 to .8% of a moderately available Fe for the young pig (Kornegay, 1972) . Analysis of the reagent grade dicalcium phosphate revealed an Fe content of .003%, which resulted in an Fe contribution to the diet of less than 1 ppm.
Exp. 1. The initial and final pig weights and Hb data are presented in table 3. Hb synthesis over the 10-day period of controlled diet intake was calculated for pigs on each treatment. Total body Hb (grams) was calculated as the product of estimated blood volume (.0006 dl/g, from Ramirez et al., 1963) , body weight (grams) and Hb concentration (grams/ deciliter). Fritz et al. (1970) and Pla and Fritz (1972) beach value is the average for two pigs.
eTotal body Fib (grams) = .0006 dl/g X body weight (grams) X Hb (grams/deciliter). The .0006 dl/g is the blood volume per unit of body weight of 5-week-old pigs reported by Ramirez et al. (1963) . Amine et al. (1972) . When data from table 5, in which Y = daily Fe retention (milligrams) from supplemental Fe and X = daily supplemental Fe (milligrams) are used to determine regression equations, Y = .27 X + .47 for FeSO4" 7H2 O, Y = .40 X + .45 for F4C and RBV = .40/.27 x 100 = 148.
Considering the data from the two experiments involving both Hb regeneration and Fe retention studies, we conclude that a conservative estimate of the RBV of Fe from either FCC or from FCC in combination with the choline citrate salts of Cu and Co (F4C) is about 140 when compared to FeSOa'7H20 with an RBV of 100.
